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(54) Electric washer-dryer 

(57) A washer-dryer having an improved efficiency 
of drying up; namely, the drying time is shortened and 
the unevenness of drying is alleviated. Furthermore, 
vibration during operations, especially during spin-dry- 
ing, is reduced. An inner tub (13) of approximately cylin- 
drical shape rotating around a substantially vertical axis 
and receives a washing (35) is housed in an outer tub 
(14). The inner tub is provided with freely rotatable agi- 
tating means (16) at the bottom part for agitating the 
washing. A motor (21) rotates the inner tub or the agitat- 
ing means. The air to be supplied through a hot air sup- 
ply channel (24) into the inner tub is heated by heating 
means (25), which air is advanced by a drying air blower 
(26) into the inner tub. Control means controls each of 
the washing, rinsing, spin-drying and drying processes 
by controlling respective operations of the motor, the 
heating means, the drying air blower, etc. During the 
drying process, a washing is agitated by the agitating 
means, and exposed to the air heated by the heating 
means and blown by the drying air blower against the 
washing staying within the inner tub. The washing is 
thus deprived of humidity and dried. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a washer-dryer 5 
that treats a washing, which has been thrown into an 
inner tub disposed rotatably inside an outer tub of the 
washer-dryer, whole through the process beginning 
from washing to drying. 

BACKGROUND OF THE INVENTION 

[0002] A conventional washer-dryer having the above- 
described functions has been structured as illustrated in 
Fig. 20. The structure is described below. , 5 
[0003] Referring to Fig. 20, an inner tub 1 of approxi- 
mately cylindrical shape, functioning as a tub for both 
washing and spin-drying operations, is provided rotata- 
bly within the inside of an outer tub 2. At the upper part 
of inner tub 1 is a fluid balancer 3, in the inner bottom is so 
a pulsator 4 provided freely rotatable. The outer tub 2 is 
housed in a cabinet 6, being suspended by a suspen- 
sion gear 5 for anti-vibration. A motor 7 is provided at 
the bottom part of the outer tub 2. The motor 7 has a 
buirt-in clutch and gear for conveying the revolving force 25 
of the motor to a wash/spin-dry shaft 8. which has an 
empty dual-shaft structure and switches the transmis- 
sion to the pulsator 4 or to the inner tub 1 in accordance 
with a process, washing or spin<lrying. The outer tub 2 
is connected at the bottom to a drain channel 9 via a so 
dram cock 10. Hot air blowing means 11 comprises an 
air-blower and a heater (neither is shown); which is 
attached on the outer tub 2 for supplying hot air inside 
the inner tub 1 for drying the washing. 
[0004] The operation of a washer-dryer of the above 35 
structure is described below. In a washing process a 
washing 12 is thrown into the inner tub 1 together with 
detergent, and water or hot water is supplied therein 
The clutch built in the motor 7 is switched to conveying 
the driving force of the motor 7 to the pulsator 4 via a 40 
wash shaft. The washing 12 is stirred by rotation of the 
pulsator 4. 

[0005] In a spin-drying process, which follows after the 
washing process is over, water in the inner tub 1 is dis- 
charged by opening the discharge cock 10. and the 45 
clutch built in the motor 7 is switched to conveying the 
driving force of the motor 7 to the inner tub 1 via a spin- 
dry shaft. The inner tub is rotated, and the washing 12 
is provided with a centrifugal force and is spin^iried 
[0006] In a drying process, hot air is supplied to inside so 
the inner tub 1 by the hot air blowing means 1 1 while the 
pulsator 4 is driven in a normal mode. The washing 12 
is dried by the hot air 

[0007] However, in the drying process under the con- 
ventional structure as described above, the hot air sup- 55 
plied from the hot air blowing means 1 1 into the inner 
tub 1 does not reach to the whole space of inner tub 1 
the bottom space, among others, is not provided with a 



sufficient amount of hot air. Therefore, it is difficult to 
provide a washing 12 with a sufficient amount of the 
heat and the velocity of hot air in an efficient manner 
Which means that it takes a long lime for drying, and 
that a washing may not be dried evenly. Furthermore as 
the hot air blowing means 1 1 has been attached on the 
outer tub 2, the gross weight of the vibrating body 
formed of the outer tub 2 and the hot air blowing means 
11. which have been suspended by the suspension 
gear 5 from the cabinet 6. reaches to a substantial 
amount; which results in a significant vibration during 
operation, especially during the spin-drying process. 

SUMMARY OF THE INVENTION 



[0003] The present invention addresses the above- 
described problems, and intends to raise the efficiency 
of drying performance by reducing the drying time and 
improving the unevenness of drying. Also intended in 
the present invention is to alleviate the vibration during 
operations, especially during spinning process 
[0009] An invented washer-dryer comprises an inner 
tub of approximately cylindrical shape rotating around a 
substantially vertical axis for receiving a washing which 
inner tub being housed in an outer tub, agitation means 
disposed rotatably in the inner tub for agitating a wash- 
ing, a motor for rotating the inner tub or the agitation 
means, heating means for heating the air to be supplied 
through a hot air supply channel into the inner tub a 
drying air blower for delivering hot air into the inner tub, 
and control means for controlling each of the washing' 
rinsing, spin-drying and drying processes by controlling 
the operations of the motor, heating means, drying air 
blower, etc. During the drying process, a washing is agi- 
tated by the agitation means and the air heated by the 
heating means is blown by the drying air blower against 
the washing staying within the inner tub. By so doing 
the washing may be dehydrated and dried within a short 
period of time, without leaving significant unevenness of 
drying. Thus, the efficiency of drying is improved' also 
the vibration is substantially alleviated during operation 
especially during the spin-drying process. 
[001 0] More desirably, the coupling of a hot air supply 
channel and an outer tub should be made by using a 
flexible and expandable tube. Under such structure 
even if the inner tub rotating at a high speed generates 
an oscillating vibration during the spinning process 
the outer tub may not be jerked in one specific horizon- 
tal direction by the hot air supply channel, so it can con- 
tinue making a natural vibration. Vibration of outer tub 
caused by the high-speed rotation of inner tub is con- 
veyed evenly to a cabinet; therefore the vibration as a 
whole is suppressed. 

[0011] Desirably also, the upper part of outer tub 
should be covered with a separation board for prevent- 
ing the air from escaping; and a water supply cock for 
supplying water into the inner tub is connected to an 
intake of water provided in the separation board by 
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using a water supply duct in order to facilitate the water 
supply into the inner tub. Under such structure, the hot 
air is prevented from e scaoi ng_during-th e-dr-yi ng-pfoe-- 



ess. Thus the drying performance is improved. At the 
same time, the increase of humidity in the room air due 
to escaping hot air is avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 



exemplary embodiment of the present invention. 
Fig. 18 i s a partially cut-off plan view of the .abov.e- 
washer -dryer. 

Fig. 19 is a cross sectional view showing a key por- 
5 tion of the above washer-dryer. 

Fig. 20 is a vertical cross sectional view of a con- 
ventional washer-dryer. 

DESCRIPTION OF THE PREFERRED EMBODI- 
w MENTS 



Fig. 1 is a vertical cross sectional view of a washer- 
dryer in accordance with a first exemplary embodi- 
ment of the present invention. 

Fig. 2 is a vertical cross sectional view of a washer- 15 
dryer in accordance with a second exemplary 
embodiment of the present invention. 
Fig. 3 is a vertical cross sectional view of a washer- 
dryer in accordance with a third exemplary embod- 
iment of the present invention. 20 
Fig. 4 is a horizontal cross sectional view of the 
above washer-dryer. 

Fig. 5 is a horizontal cross sectional view of a 
washer-dryer of other example. 

Fig. 6 is a partially cut-off vertical cross sectional 25 
view of a washer-dryer in accordance with a fourth 
exemplary embodiment of the present invention. 
Fig. 7 is a vertical cross sectional view of a washer- 
dryer in accordance with a fifth exemplary embodi- 
ment of the present invention. 30 
Fig. 8 is a vertical cross sectional view of a washer- 
dryer in accordance with a sixth exemplary embod- 
iment of the present invention. 
Fig. 9 is a vertical cross sectional view of a washer- 
dryer in accordance with a seventh exemplary 35 
embodiment of the present invention. 
Fig. 10 is a vertical cross sectional view of a 
washer-dryer in accordance with an eighth exem- 
plary embodiment of the present invention. 
Fig. 11 is a vertical cross sectional view of a 40 
washer-dryer in accordance with a ninth exemplary 
embodiment of the present invention. 
Fig. 12 is a vertical cross sectional view of a 
washer-dryer in accordance with a tenth exemplary 
embodiment of the present invention. 45 
Fig. 13 is a vertical cross sectional view of a 
washer-dryer in accordance with an eleventh exem- 
plary embodiment of the present invention. 
Fig. 14 is a vertical cross sectional view of a 
washer-dryer in accordance with a twelfth exem- so 
plary embodiment of the present invention. 
Fig. 15 is a partially cut-off plan view of the above 
washer-dryer. 

Fig. 16 is a vertical cross sectional view of a 
washer-dryer in accordance with a thirteenth exem- 55 
plary embodiment of the present invention. 
Fig. 17 is a vertical cross sectional view of a 
washer-dryer in accordance with a fourteenth 



[0013] A first exemplary embodiment of the present 
invention is described with reference to Fig. 1. 
[0014] An inner tub 13 forms a tub for both washing 
and spin-drying operations. It has an approximately 
cylindrical shape with a number of small holes (not 
shown) in the sidewall, rotates around an approximately 
vertical axis, being housed inside an outer tub 14. At the 
upper part of inner tub 13 is a fluid balancer 15, and a 
bowl shape pulsator (agitation means) 16 is provided 
freely rotatable at the inner bottom. The pulsator 16 has 
a slope region 17 in the outer portion, and is provided 
with a plurality of ribs 18 extending in radial directions 
across the slope region 1 7 as far as almost outer edge. 
An outer tub 14 is housed in a cabinet 20 being sus- 
pended by a suspension gear 19. for preventing vibra- 
tion. A motor 21 is provided at the bottom of the outer 
tub 14. The motor 21 has a built-in clutch and gear for 
switching the transmission of rotating force of the motor 

21 to a wash shaft or to a spin-dry shaft in order to rotate 
the pulsator 16 or the inner tub 13 depending on the 
process, washing or spin-drying. The outer tub 14 is 
connected at the bottom to a water discharge channel 

22 via a water discharge valve 23. 

[0015] A hot air supply channel 24, which is to supply 
hot air to the inside of inner tub 13 during drying proc- 
ess, comprises a heater (heating means) 25 for heating 
the air and a drying air blower 26 for delivering hot air 
into the inner tub 13. The hot air supply channel 24 is 
fixed to the cabinet 20, and connected to a separation 
board 28 provided on the upper part of outer tub 1 4 by 
means of a flexible and expandable tube 27 of bellows 
shape. The outer tub 14 is provided at the bottom with a 
connection duct 29 for returning the hot air. The connec- 
tion duct 29 is coupled with a heat exchanger 31 via a 
water discharge-switching valve 30, and is coupled fur- 
ther with the hot air supply channel 24 containing the 
heater 25 and the drying air blower 26, finally with the 
outer tub 14 via the flexible and expandable tube 27. 
The separation board 28 is provided with a freely open- 
able lid 32. The separation board 28 is fixed on the outer 
tub 14 covering the upper end in order to prevent the hot 
air from escaping upward. The freely openable lid 32 is 
for throwing in and out a washing. A closed circulation 
channel is thus formed by the connection duct 29, the 
heat exchanger 31, the hot air supply channel 24, etc. 
The flexible and expandable tube 27 and the connection 
duct 29 connect the cabinet 20 (fixed end) and the outer 
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tub 14 (vibrating end) in a flexible manner. The heat 
exchanger 31 is disposed outside of the cabinet 20 so 
as to ensure the heat exchange by means of the air- 
cooling. A drain hole 33 is provided at the bottom of the 
heat exchanger 31. 

5 

[0016] Control means 34 controls each of the wash- 
ing, rinsing and spin-drying processes through the con- 
trol on the operation of the motor 21, the water 
discharge valve 23, a water supply tap (not shown), etc. 
The control means 34 controls also the drying process w 
through the control on the operation of the motor 21 , the 
heater 25, the drying air blower 26, etc. During the dry- 
ing process, a washing 35 is agitated by the pulsator 16 
and is blown by the hot air heated by the heater 25 deliv- 
ered by the drying air blower 26 into the inner tub 13. 15 
The heat exchanger 31 dehydrates the air for drying. 
The control means 34 also controls the rotation speed 
of pulsator 16 so as it rotates at a higher speed during 
the washing process than during the drying process. 
[001 7] The operation under the above structure is 20 
described below. In the washing process through the 
spin<Jrying process, a washing 35 is put into the inner 
tub 13 through the freely openable lid 32 together with 
detergent; starting the operation, water is supplied from 
a water tap into the inner tub 1 3 upto a certain level, and 25 
then the pulsator 16 is rotated to initiate a washing proc- 
ess. After the washing process is finished, the same 
procedures are repeated for rinsing. By closing the 
water discharge-switching valve 30, the water in the 
outer tub 14 is prevented from escaping through the 30 
drain hole 33. A spin<irying process begins with open- 
ing of the water discharge valve 23, and the inner tub 1 3 
is rotated at a high speed. The washing is spin-dried 
through an ordinary procedure, and then it proceeds to 
a drying process. 35 
[0018] In the drying process, the water discharge 
valve 23 is closed, whereas the water discharge-switch- 
ing valve 30 is opened. Hot air created by the heat gen- 
eration of heater 25 is delivered into the inner tub 13 by 
the operation of the drying air blower 26 through the 40 
flexible and expandable tube 27. The washing 35 stick- 
ing to the inner wall of inner tub 13 at the end of the 
spin^rying process is peeled off the inner wall by a 
rotating action of the pulsator 16, and is rotated along 
the slope region 1 7 of pulsator 1 6 to be hauled up by the 45 
nb 18 extending in radial direction. The washing 35 agi- 
tated and hauled upward are exposed to the hot air. The 
hot air evaporates the humidity contained in washing 35 
to dry up the washing 35. the hot air itself becomes a 
humid air and proceeds through the holes of the side so 
wail of inner tub 13. the space between fluid balancer 15 
and separation board 28, and the space between outer 
wall of inner tub 13 and inner wall of outer tub 14. even- 
tually reaching the connection duct 29 provided at the 
bottom of outer tub 14. Then, it proceeds following the 55 
arrow marks, passing through the heat exchanger 31, 
the heater 25. reaching again to the drying air blower 
26. During the travelling, the hot air of high humidity 



makes contact with the inner wall of outer tub 14, the 
inner wall of heat exchanger 31, etc. constituting part of 
the circulation channel. The heat is exchanged and 
dehydrated at these surfaces. By the time when it 
reaches the heater 25 it becomes a cooled dry air. The 
dry air is heated again by the heater 25 and passes 
through the washing 35. The drying process proceeds 
by repetition of a cycle of the above-described proce- 
dures. 

[0019] The hot air circulates in a circulation channel 
formed by the connection duct 29, the heat exchanger 
31, hot air supply channel 24, etc. As the circulating air 
is heading for the water discharge-switching valve 30 
located in the lower end, it passes evenly through the 
washing 35 within the inner tub 13. Therefore, the wash- 
ing dries up evenly. As the heat exchanger 31, which 
being a part of the circulation channel, is disposed out- 
side the cabinet 20. the surface is always cooled con- 
tributing to the efficient dehydration at the heat 
exchanger 31. Therefore, the washing dries up quickly 
and dehydration water generated as a result of heat 
exchange conducted in the heat exchanger 31 is dis- 
charged through the drain hole 33. 
[0020] As describe in the above, a washing 35 is agi- 
tated during the drying process by pulsator 16, and is 
blown with the hot air heated by the heater 25 and deliv- 
ered by the drying air blower 26 within the inner tub 13. 
and the hot air is heat-exchanged at the heat exchanger 
31 for dehydration in order to dry up the washing with the 
dehydrated air. Besides the heat exchange conducted 
at the heat exchanger 31, the hot air is heat- exchanged 
also at the inside of outer tub 14 and such other places; 
therefore, the drying time is shortened and the uneven- 
ness in the drying of washing 35 is improved to an 
increased drying efficiency. Furthermore, because the 
hot air supply channel 24 containing the heater 25 and 
the drying air blower 26, the heat exchanger 31 , etc. are 
not attached on the outer tub 14, the vibration to be 
caused during operation, especially during spin-drying 
process, is lessened. 

[0021] As the hot air supply channel 24 forms a circu- 
lation channel taking the air from the inner tub 13, heat- 
ing it by the heater 25 and delivering into the inner tub 
13, and the heat exchange is conducted at either within 
inside of the outer tub 14 or at the heat exchanger 31 
provided in the circulation channel, the heat exchange 
performance has been raised. Such structure contrib- 
utes to presenting a washer-dryer, which is compact in 
size yet having a high drying efficiency. Furthermore, as 
the heat exchanger 31 is disposed outside the cabinet 
20 so as heat exchange takes place through the air- 
cooling principle, the heat exchange proceeds while the 
hot air is circulating in the circulation channel including 
the heat exchanger 31 . This factor makes a further con- 
tribution in presenting a compact washer-dryer of high 
drying efficiency. 

[0022] The pulsator 16 is disposed freely rotatable in 
the inner bottom of inner tub 1 3. It has a slope region 1 7 
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in the outer circumference and is provided with a plural- 
ity of ribs 18 extending in radial directions across the 
_slope-region— 1-7— reachi ng-almost-edg er-Th e r ef ore~T~a~ 



washing 35 is hauled upward and agitated by the ribs 1 8 
of radial directions as a result of rotation of the pulsator 5 
16. The hauled up washing 35 is exposed to the hot air 
to an improved efficiency of drying. Thus the drying time 
is shortened, the drying efficiency is raised and the une- 
venness of drying is improved. Furthermore, as the con- 
trol means 34 controls so as the number of rotations of w 
pulsator 1 6 during washing process is different from that 
in the drying process, the pulsator 16 may be driven at 
an own optimum rotation speed for the washing process 
and the drying process, respectively. Thus the efficiency 
of washing and the efficiency of drying may be improved 15 
aftog ether. 

[0023] Although in the present embodiment a closed 
circulation channel has been formed by connecting the 
heat exchanger 31 coupled with the outer tub 1 4 via the 
connection duct 29 to the hot air supply channel 24, the 20 
same function and effect are obtainable even if such a 
closed circulation channel is not formed, without con- 
necting the heat exchanger 31 to the hot air supply 
channel 24. 

[0024] The heat exchanger 31 in the present embodi- 25 
ment has been designed to the air-cooling principle. 
However, it may be structured instead based on the 
water-cooling principle. 

[0025] A second exemplary embodiment of the 
present invention is described with reference to Fig. 2. 30 
[0026] As shown in Fig. 2, a cooling air blower 36 is 
provided in a side face of cabinet 37 in order to intro- 
duce the outside air for cooling an outer tub 14. Other 
structures remain the same as those of the embodiment 
1 above; therefore, using the same symbols represents 35 
such portions and the descriptions are not repeated 
here. 

[0027] The operation under the above-described 
structure is described below. The operations during the 
washing process until the spin-drying process remain 40 
the same as in the embodiment 1 , so no description is 
given on these operations. 

[0028] When the drying process is initiated, after the 
spin-drying process is over, the cooling air blower 36 
starts its operation to take cooling air (outside air) in 45 
from outside of the cabinet 37. The cooling air is blown 
to the outer tub 14. Inside of the outer tub 14 is cooled 
down and the humid hot air flowing inside the outer tub 
14 is efficiently heat-exchanged and dehydrated. Thus 
the heat exchange performance is improved and a so 
washing is dried up quickly. 

[0029] Although the heat exchanger 31 . the heater 25 
and the drying air blower 26 are disposed outside the 
cabinet 37 in the present embodiment, these items may 
be disposed instead within inside of the cabinet 37. 55 
Then, the heat exchanger 31 is cooled by the cooling air 
introduced from outside of the cabinet 37 by the cooling 
air blower 36. In this way, the humid hot air flowing in the 



heat exchanger 31 may be heat-exchanged and dehy- 
drated efficiently and a washinq _may-be-dried-tjp-mnpA- 
quickly. 

[0030] A third exemplary embodiment of the present 
invention is described below referring to Fig. 3 and Fig. 
4. 

[0031 ] As shown in Fig. 3 and Fig. 4, a heat exchanger 
38 is connected to the outer tub 14 via a connection 
duct 29, it is also connected to a hot air supply channel 
24 which has a built-in heater 25 and a drying air blower 
26. A circulation channel for circulating the hot air 
heated by the heater 25 is thus formed to air-cool the 
humid hot air for conducting the heat exchange and the 
dehydration. The heat exchanger 38 is disposed inside 
the cabinet 37 at a corner. Other structures remain the 
same as in the embodiment 2; therefore, using the 
same symbols represents these portions and the 
description is not repeated here. 

[0032] The operation under the above-described 
structure is described. The operations from the washing 
process until the spin-drying process remain the same 
as in the embodiment 2; therefore description on these 
operations is omitted here. 

[0033] When a drying process is initiated, after the 
spin-drying process is over, the humid hot air makes 
contact with the inner wall of outer tub 14 and the inner 
wall of heat exchanger 38 forming part of the circulation 
channel. At these surfaces the hot air is heat- 
exchanged and dehydrated to become cool dry air at 
the time when it arrives at the heater 25. The dry air is 
heated again by the heater 25 to be delivered to wash- 
ing 35. The drying process proceeds by repeating a 
cycle of the above procedures. As the heat exchanger , 
38 is disposed at a corner of the cabinet 37, a washer- 
dryer may be fabricated in a compact profile. 
[0034] The heat radiating capacity may be increased 
by providing a plurality of heat radiation fin 39 on the 
outer wall surface of heat exchanger 38 constituting the 
circulation channel, as illustrated in Fig. 5. As the heat 
radiation fin 39 remarkably increases the heat radiating 
performance, the heat exchanging capacity of heat 
exchanger 38 is significantly raised. This helps imple- 
ment a washer-dryer that is compact yet having a highly 
efficient drying capability. 

[0035] Although the heat radiation fin 39 is provided 
on the outer wall surface of heat exchanger 38 in Fig. 5. 
the heat radiation fin may be provided instead on the 
inner wall surface for obtaining the same effects. 
[0036] A fourth exemplary embodiment of the present 
invention is described below referring to Fig. 6. 
[0037] As shown in Fig. 6, an outer tub 40 is provided 
on its outer surface with a protruding guide wall 41 of a 
fin shape, which guide wall 41 being disposed starting 
from a place facing to a cooling air blower 36 so as to 
guide the air taken in from outside and to discharge the 
heat of outer tub. Other structures remain the same as 
in the embodiment 2; therefore, using the same sym- 
bols represents these portions and the description is not 
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repeated here. 

[0038] The operation under the above-described 
structure is described. The operations form the washing 
process until the spin-drying process remain the same 
as in the embodiment 1 ; therefore description on these 5 
operations is omitted here. 

[0039] When a drying process is initiated, after the 
spin-drying process is over, the humid hot air makes 
contact with the inner wall of outer tub 40 and the inner 
wall of heat exchanger 3 1 forming part of the circulation w 
channel. At these surfaces the hot air is heat- 
exchanged and dehydrated to become cool dry air at 
the time when it arrived at the heater 25. The dry air is 
heated again by the heater 25 to be delivered to wash- 
ing 35. The drying process proceeds by repeating a is 
cycfe of the above procedures. The outside air taken in 
by the cooling air blower 36 is guided by the guide wall 
41 provided on the side wall of outer tub 40 to travel 
around the entire surface of outer tub 40 along the guide 
wall 41 . As the guide wall 41 functions also as a cooling 20 
fin and the blown air travels along the guide wall 41 
around the entire surface of outer tub 40, the heat radi- 
ation characteristics at the surface of outer tub 40 are 
improved. This results in significantly improved heat 
exchange characteristics and much improved drying 25 
efficiency. 

[0040] A fifth exemplary embodiment of the present 
invention is described with reference to Fig. 7. 
[0041] As shown in Fig. 7, the heat exchanger 42 is 
provided with a water supply section 43. The heat 30 
exchange is conducted in the water-cooling principle for 
dehydration. A hot air supply channel 24 containing a 
built-in heater 25 and a drying air blower 26 is con- 
nected via a flexible and expandable tube 44 of bellows 
shape to a separation board 28 provided at the top of 35 
outer tub 14. An almost dosed circulation channel is 
formed by the connection duct 29, the heat exchanger 
42, the hot air supply channel 24, etc. The flexible and 
expandable tube 44 of bellows shape is disposed in an 
approximately vertical direction. Other structures 40 
remain the same as those in the embodiment 1; using 
the same symbols represents these portions and the 
description is not repeated here. 

[0042] The operation under the above-described 
structure is described in the following. The operations 45 
from the washing process until the spin-drying process 
remain the same as in the embodiment 1; therefore 
description on these operations is omitted here. 
[0043] In the drying process, the water discharge- 
switching valve 30 is opened. Hot air created by the so 
heat generation of heater 25 is delivered into the inner 
tub 13 by the operation of the drying air blower 26 
through the flexible and expandable tube 44. A spin- 
dried washing 35 is peeled off the inner wall by a rotat- 
ing action of the pulsator 1 6. and is hauled up by the rib 55 
18 extending in radial directions on the pulsator 16. The 
washing 35 agitated and hauled upward is exposed to 
the hot air. The hot air deprives the humidity contained 



m washing 35 to make itself a humid hot air, which pro- 
ceeds along the side wall of inner tub 13, passes 
through the space between outer surface of inner tub 13 
and inner surface of outer tub 14, reaching the connec- 
tion duct 29 provided at the bottom of outer tub 14. 
Then, the humid hot air proceeds following the arrow 
marks, passing through the heat exchanger 42, the 
heater 25, reaching again to the drying air blower 26. 
During the travelling in the heat exchanger 42, the hot 
air of high humidity is cooled by the water supplied from 
the water supply section 43 and dehydrated. By the time 
when it reaches the heater 25 it becomes a cooled dry 
air. The dry air is heated again by the heater 25 and 
goes through the washing 35. The drying process pro- 
ceeds by repetition of a cycle of the above-described 
procedures. 

[0044] While a washer-dryer is in operation during the 
above processes, the pulsator 16 or the inner tub 13 is 
rotating. As a result, the outer tub 14 and other mem- 
bers suspended by a suspension gear 19 make vibra- 
tions in up-down directions and/or oscillatory directions. 
The vibrations, in so far as they are the free vibrations 
are absorbed by a plurality of suspension gears 14 sup- 
porting the outer tub 14, and a cabinet 20 is not quite 
affected by the vibrations. Considering the nature of 
vibrations in the present embodiment; although the cab- 
inet 20 and the separation board 28 on the outer tub 14 
are connected with the flexible and expandable tube 44 
the vibrations of the vibrating member are not restricted, 
neither in up-down nor oscillatory directions, because 
the flexible and expandable tube has been disposed in 
a substantially vertical direction and has a shape of bel- 
lows. Therefore, the nature of free vibration is main- 
tained. 

[0045] The vibration of a cabinet 20 due to vibrations 
of the outer tub 14 and other vibrating members sup- 
ported by a suspension gear 19 is thus reduced. So, a 
washer-dryer of less vibration is presented in accord- 
ance with the present invention. 
[0046] Although the heat exchanger 42 is provided 
with a water supply section 43 for conducting the heat- 
exchange in the water-cooling principle in the present 
embodiment, it may of course be conducted in the air- 
cooling principle, in the same way as in the embodiment 

[0047] A sixth exemplary embodiment of the present 
invention is described in the following with reference to 
Fig. 8. 

[0048] As shown in Fig. 8, an empty path 45 is pro- 
vided on the surface of separation board 47 facing the 
inner tub 13, coupling through with the flexible and 
expandable tube 46. The empty path 45 extends to as 
far as substantially the center of the separation board 
47. At the exit of empty path 45 is a guide 48 provided 
for guiding the air coming from the empty path 45 
towards substantially the center of the inner tub 13. 
Other structures remain the same as those in the above 
embodiment 5; using the same symbols represents 
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these portions and the description of which is not 
repeated here. 

4.0049] Xhe-operation-under-the-above^describeci" 



and spin-drying is suspended in a cabinet 52 with a sus- 
pension gear 19 for the sake of anti-vibration. A hot air_ 



structure is described in the following. The operations 
from the washing process until the spin-drying process 5 
remain the same as in the embodiment 5; therefore 
description on these operations is omitted here. 
[0050] In the drying process, the water discharge- 
switching valve 30 is opened. Hot air created by the 
heat generation of heater 25 is delivered into the inner 10 
tub 13 by the operation of the drying air blower 26 
through the flexible and expandable tube 46 and the 
separation board 47. In the present embodiment, an 
empty path 45 is provided extending as far as approxi- 
mately the center of the separation board 47; therefore, 15 
the hot air proceeds along the empty path 45 to sub- 
stantially the center of the separation board 47. The hot 
air is directed downward into the inner tub 1 3 guided by 
a guide 48 provided at the exit of empty path. Thus the 
hot air is delivered efficiently to the washing 35 locating 20 
in the inner tub 13. The efficiency of drying is improved 
and the drying time is shortened; eventually the total 
time needed through the processes from washing to 
drying is reduced. 

[0051] A seventh exemplary embodiment of the 25 
present invention is described in the following with refer- 
ence to Fig. 9. 

[0052] As shown in Fig. 9, the flexible and expandable 
tube 49 is provided with a non-return valve 50 within the 
inside. The non-return valve 50 opens when the hot air 30 
goes from the hot air supply channel 24 to the inner tub 
13, whereas it closes at a reverse flow. Other structures 
remain the same as those in the above embodiment 5; 
using the same symbols represents these portions and 
the description of which is not repeated here. 35 
[0053] The operation under the above-described 
structure is described in the following. The operations 
from the washing process until the spin -drying process 
remain the same as in the embodiment 5; therefore 
description on these operations is omitted here. 40 
[0054] In the drying process, the water discharge- 
switching valve 30 is opened. Hot air created by the 
heat generation of heater 25 is delivered into the inner 
tub 13 by the operation of the drying air blower 26 
through, the flexible and expandable tube 49 and the 45 
separation board 28. If during a washing process, for 
example, water or foam of detergent is intruding into the 
hot air supply channel 24 from the flexible and expand- 
able tube 49, namely if something is coming towards the 
drying air blower 26 or the heater 25, the intrusion is so 
halted by the non-return valve 50. Thus an intrusion of 
unwanted items with reverse flow is avoided for assur- 
ing a higher safety. 

[0055] An eighth exemplary embodiment of the 
present invention is described below referring to Fig. 10. 55 
[0056] As shown in Fig. 10, an outer tub 51 which 
houses in it an inner tub 13 rotating around a substan- 
tially vertical axis and functioning as a tub for washing 



— supply"channer531s provided for supplying hot air into 
the inner tub 13 during drying process. The hot air sup- 
ply channel 53 comprises a heater 25 for heating the air 
and a drying air blower 26 for delivering the hot air into 
the inner tub 13, and connected to the cabinet 52. A 
flexible and expandable tube 54 is provided to enclosing 
the outer circumference of an opening 55 for throwing a 
washing into the inner tub 13, connecting the outer tub 
(vibrating end) 51 with the cabinet (stationary end) 52. 
Other structures remain the same as those of the 
embodiment 1 above; using the same symbols repre- 
sents these portions and description of which is not 
repeated here. 

[0057] The operation under the above-described 
structure is described in the following. The operation in 
the washing process remains the same as in the 
embodiment 1 ; therefore description on which is omitted 
here. 

[0058] A spin-drying process begins, after the wash- 
ing process is over, with opening of the water discharge 
valve 23 for discharging the water in the inner tub 13, 
and a clutch built in a motor 21 is switched to the spin- 
dry side to convey the rotating force of the motor 21 to 
the inner tub 13 via a spin-dry shaft. The inner tub 13 is 
rotated at a high speed and a washing is spin-dried by a 
centrifugal force. The outer tub 51 supported by the sus- 
pension gear 19 is vibrated by the rotating inner tub 13. 
The vibration is conveyed to the cabinet 52, which is 
vibrated during the spin-drying process. 
[0059] As the outer tub (vibrating end) 51 and the cab- 
inet (stationary end) 52 are connected by the flexible 
and expandable tube 54, conduction of the vibration of 
outer tub (vibrating end) 51 to the cabinet (stationary 
end) 52 is absorbed by the flexible and expandable tube 
54. So, the vibration at cabinet 52 is suppressed. Fur- 
thermore, the flexible and expandable tube 54 has been 
disposed enclosing the entire circumference of the 
opening 55 provided for throwing a washing in. The flex- 
ible and expandable tube 54 disposed in a well-bal- 
anced arrangement causes no jerking force in one 
specific direction. Thus the vibration is suppressed to a 
minimum. 

[0060] In the drying process, the water discharge- 
switching valve 30 is opened and hot air created by the 
heat generation of heater 25 is delivered into the inner 
tub 13 by the operation of the drying air blower 26 
through the flexible and expandable tube 54. The wash- 
ing 35 sticking to the inner wall of inner tub 13 after the 
spin drying process is peeled off the inner wall by a 
rotating action of the pulsator 16, and is rotated along 
the slope region 1 7 of pulsator 16 to be hauled up by the 
rib 18 extending in radial direction. The washing 35 agi- 
tated and hauled upward are exposed to the hot air The 
hot air evaporates the humidity contained in the wash- 
ing 35 to dry it up. The hot air itself becomes a humid air 
and proceeds along the side wall of inner tub 13 and the 
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space between outer wall of inner tub 13 and inner wall 
of outer tub 51, reaching the connection duct 29 pro- 
vided at the bottom of outer tub 51. And then, it pro- 
ceeds following the arrow marks, passing through the 
heat exchanger 31 , the heater 25, reaching again to the 5 
drying air blower 26. During the travelling, the hot air of 
high humidity makes contact with the inner wall of outer 
tub 51, the inner wall of heat exchanger 31, etc. consti- 
tuting part of the circulation channel. The heat is 
exchanged and the air is dehydrated at the surfaces. By 10 
the time when it reaches the heater 25 it becomes a 
cooled dry air. The dry air is heated again by the heater 
25 and goes through the washing 35. The drying proc- 
ess proceeds by repetition of a cycle of the above- 
described procedures. r5 
[0061] The flexible and expandable tube 54 has been 
connecting the outer tub (vibrating end) 51 and the cab- 
inet (stationary end) 52 in a well-balanced manner by 
enclosing the entire circumference of the opening pro- 
vided for throwing a washing in. This structure contrib- 20 
utes to suppress the vibration to be caused by rotation 
of the pulsator 16 or inner tub 13 during the washing, 
rinsing, spin<lrying and drying processs. 
[0062] A ninth exemplary embodiment of the present 
invention is described in the following with reference to 25 
Fig. 11. 

[0063] As shown in Fig. 11, a separation board 57 
having a hot air entrance hole 56 is provided on the top 
of an outer tub 51 . Other structures remain the same as 
those of the embodiment 8; using the same symbols so 
represents these portions and the description is omitted 
here. 

[0064] The operation under the above described 
structure is described in the following. The operations 
from the washing process through the spin-drying proc- 35 
ess remain the same as in the embodiment 8 above; 
therefore description on which is not repeated here. 
[0065] in the drying process, the water discharge- 
switching valve 30 is opened and hot air created by the 
heat generation of heater 25 is delivered into the inner 40 
tub 13 by the operation of the drying air blower 26 
through the hot air supply channel 53, the flexible and 
expandable tube 54 and the separation board 57. The 
hot air raises the temperature within the inner tub 13. By 
rotation of the pulsator 16, the washing 35 is made to 45 
have contact with the hot air to be dried up. The hot air 
is guided by the hot air entrance hole 56 so that it is 
directed vertically downward at a place close to the 
washing 35. In this way, the hot air makes contact with 
the washing 35 while the temperature is high; which so 
contributes to expedite the drying of washing 35. 
[0066] The separation board 57 having a hot air 
entrance hole 56 directs the flow of hot air vertically 
downward at a place close to the washing 35. A wash- 
ing 35 may have contact with the hot air of high temper- 55 
ature. which contributes to shorten the time needed to 
dry up a washing. 

[0067] A tenth exemplary embodiment of the present 



invention is described in the following with reference to 
Fig. 12. 

[0068] As shown in Fig. 12, a separation board 59 
having a hot air entrance hole 58 is provided on the top 
of outer tub 51, the hot air entrance hole 58 having a 
contracting shape. Other structures remain the same as 
those of the embodiment 9, using the same symbols 
represents these portions and description of which is 
omitted here. 

[0069] The operation under the above-described 
structure is described in the following. The operations 
from the washing process through the spinning proc- 
ess remain the same as in the embodiment 9 above- 
therefore description on which is not repeated here. 
[0070] In the drying process, the water discharge- 
switching valve 30 is opened and hot air created by the 
heat generation of heater 25 is delivered into the inner 
tub 13 by the operation of the drying air blower 26 
through a hot air supply channel 53, a flexible and 
expandable tube 54 and the separation board 59 The 
temperature within the inner tub 13 is raised. By the 
rotation of pulsator 16, the washing 35 is made to have 
contact with the hot air to be dried up. Because of the 
contracting shape of the hot air entrance hole 58 the hot 
air is blown vertically downward at a high flow velocity 
Therefore, the hot air of high temperature actively 
makes contact with the washing 35; which contributes 
to expedite the drying of washing 35. 
[0071] By shaping the hot air entrance hole 58 in a 
contracting shape, velocity of the vertical downward 
flow of hot air during drying process is increased. Thus 
the hot air of a high temperature reaches actively even 
to the washing 35 staying at the bottom part of the inner 
tub 13. The time needed to dry up a washing 35 can be 
reduced. 

[0072] An eleventh exemplary embodiment of the 
present invention is described in the following with refer- 
ence to Fig. 13. 

[0073] As shown in Fig. 1 3, a gushing mouth 60 is pro- 
vided to gush out the hot air delivered via the flexible 
and expandable tube 62 from the hot air supply channel 
61 into the inner tub 13. A freely openable lid 64 is pro- 
vided in the separation board 63 attached on the top of 
outer tub 1 4. The gushing mouth 60 is fixed to the lid 64. 
The cross sectional area of the gushing mouth 60 grad- 
ually decreases towards the exit so as to deliver the hot 
air at an increased flow velocity into the inner tub 13. 
Other structures remain the same as those of the 
embodiment 1, using the same symbols represents 
these portions and the description is omitted here. 
[0074] The operation under the above-described 
structure is described in the following. The operations 
from the washing process through the spin<irying proc- 
ess remain the same as in the embodiment 1 ; therefore 
description on which is not repeated here. 
[0075] In the drying process, the water discharge- 
switching valve 30 is opened and hot air created by the 
heat generation of heater 25 is delivered into the inner 
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tub 13 by the operation of the drying air blower 26 
through the hot air supply channel 61, the flexible and 

expandable tube 62 and the _Qushinq-xnouth-6Q Jhe 

temperature within the inner tub 13 goes up. By the 
rotation of pulsator 1 6, the washing 35 is made to have 5 
contact with the hot air to be dried up. The hot air heats 
the washing 35 and evaporates the humidity contained 
in the washing, and then passes through the holes in 
the side wall of inner tub 13 and the space between a 
fluid balancer 15 and the separation board 63 reaching 10 
to the heat exchanger 31 via the connection duct 29. At 
the heat exchanger 31 , the humid hot air is cooled and 
dehydrated, and dehydration water is discharged 
through the drain hole 33. The drying process proceeds 
along with the circulation and dehydration of hot air. In 15 
the meantime, pulsator 16 repeats the forward and 
reverse rotations to haul up and agitate the washing 35 
in order to help drying up. 

[0076] Because of the smoothly contracting flow area 
in the cross section of the gushing mouth 60, the hot air 20 
flow is sharpened at a least pressure loss and blown 
into the inner tub 1 3 at an increased flow velocity. The 
hot air is blown with strength against the washing 35 
and permeates at a sufficient velocity down to the bot- 
tom portion of the inner tub 13. In this way, the washing 25 
35 is efficiently provided with the heat and the convec- 
tion. Thus a washing is dried up within a short period of 
time with least unevenness of drying. The reduced dry- 
ing time contributes to the save-energy initiative. 
[0077] In the present exemplary embodiment, it is to 30 
be noted that the time needed for drying and the even- 
ness of the drying, which being the essential factors 
determining a drying performance, are closely interre- 
lated to each other. Therefore, it is difficult in practice to 
clearly distinguish the cause from the countermeasure 35 
in each of the respective factors. 
[0078] A twelfth exemplary embodiment of the present 
invention is described in the following with reference to 
Fig. 14 and Fig. 15. 

[0079] As shown in Fig. 14 and Fig. 15, a freely open- 40 
able lid 66 is provided in the separation board 65 
attached on the top of the outer tub 1 4. The lid 66 is dis- 
posed in the front forward portion of the separation 
board 65 so as to be openable by a butterfly action 
around an axis supported by the separation board 65. 45 
The contact area of the separation board 65 and the lid 
66 is provided with an airtight packing and a latch, or a 
magnet, so as it does not make an unwanted sudden 
unclosing. The separation board 65 is also provided 
with a hot air entrance hole 67 at the rear portion, being 50 
isolated from the freely openable lid 66. The hot air 
entrance hole 67 is provided with a gushing mouth 68, 
which is directly connected to and opens it mouth 
towards the bottom center of the inner tub 13. The hot 
air entrance hole 67 and the hot air supply channel 70 55 
are connected by the flexible and expandable tube 69. 
Other structures remain the same as those of the 
embodiment 1 1 above, using the same symbols repre- 



sents these portions and the description is omitted here. 
[0080] The o peration under the above-describ ed 
structure is described in the following. The operations 
from the washing process through the spin-drying proc- 
ess remain the same as those in the embodiment 1 ; 
therefore description on which is not repeated here. 
[0081] In the drying process, the water discharge- 
switching valve 30 is opened and the hot air created by 
the heat generation of heater 25 is delivered into the 
inner tub 13 by the operation of the drying air blower 26. 
The hot air goes through the hot air supply channel 70, 
the flexible and expandable tube 69 and the gushing 
mouth 68, and the temperature within the inner tub 13 is 
raised. The washing 35 is made to have contact with the 
hot air by the rotation of pulsator 16 to be dried up. 
[0082] During the operation from the washing process 
through the spin-drying process and in the drying proc- 
ess, the pulsator 16 or the inner tub 13 is rotating. 
Therefore, vibration is caused on the outer tub 14 and 
other vibrating members. Although the suspension gear 
19, the connection duct 29, the flexible and expandable 
tube 69 absorb the vibration for a certain extent, the 
vibration can not be totally absorbed and the remaining 
part of vibration is conveyed to cabinet 20. 
[0083] In the present embodiment, a freely openable 
lid 66 is provided in the front forward portion of the sep- 
aration board 65, and the gushing mouth 68 and the hot 
air entrance hole 67 are provided in the rear portion. 
The above disposition layout on the separation board 
65, namely, the isolation of the gushing mouth and the 
hot air entrance hole from the lid, makes the structure 
on an outer tub 14 simpler and lighter in weight as com- 
pared with that in the above embodiment 11. This con- 
tributes to suppress the vibration of the outer tub 14 
during each of the processes. 

[0084] The freely openable lid 66 seems to be most 
convenient for the practical use when disposed in such 
a layout that it opens to the direction as illustrated in the 
drawing with dotted lines. However, it may of course be 
provided instead in a form of an accordion curtain, or as 
a sliding shutter, for example. As another alternative, 
the separation board 65 itself may be made openable, 
eliminating the freely openable lid 66. This alternative, 
however, does not seem to be practical, because in 
practice the top portion of the cabinet 20 is occupied by 
an operation panel, a top cover and the like items. 
[0085] Like in the embodiment 1 1 above, it is to be 
noted that the time needed for drying and the evenness 
of the drying, which being the essential factors deter- 
mining the drying performance, are closely interrelated 
to each other. Therefore, in practice, it is difficult to 
clearly distinguish the cause from the countermeasure 
for each of the respective factors. 
[0086] A thirteenth exemplary embodiment of the 
present invention is described with reference to Fig. 16. 
[0087] As shown in Fig. 16, a water discharge valve 71 
for discharging wash water is provided at the bottom of 
outer tub 72 and is connected to a drain channel 73. An 
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overflow channel 74 is attached fixed to the outer wall 
surface of outer tub 72. The upper end of the overflow 
channel 74 is coupled with an overflow inlet 75 provided 
at the inner wall surface of the outer tub 72, while the 
lower end is connected to the drain channel 73 at a 
point in the down stream of the water discharge valve 
71. The overflow channel 74 discharges redundant 
wash water exceeding a certain predetermined highest 
level (the level of overflow inlet 75) through the drain 
channel 73. A trap 76 is provided in the drain channel 73 
after the overflow channel 74 is merged, the trap having 
a shape for retaining a certain amount of discharged 
water. The water kept in the trap 76 prevents the hot air 
from escaping during the drying process. An expanda- 
ble connection duct 77 connects the water discharge 
channel at a place above the level of water discharge 
valve 71 to the heat exchanger 31. After the heat 
exchanger 31, the hot air supply channel 70 containing 
heater 25 and drying air blower 26, the flexible and 
expandable tube 69, and the gushing mouth 68 follow in 
the channel. The hot air blows out towards the bottom 
center of the inner tub 13. The heater 25 and the drying 
air blower 26 are disposed at a level higher than the 
overflow inlet 75. Other structures remain the same as 
those of the embodiment 12 above; providing the same 
symbols represents these portions and the description 
of which is not repeated here. 

[0088] The operations under the above structure are 
described in the following. In the washing process, the 
washing 35 and detergent is thrown into the inner tub 1 3 
through the freely openable lid 66, water is supplied 
from a water supply tap into the inner tub 13 upto a pre- 
determined level, and then the pulsator 16 is put into 
operation. During washing, the wash water exceeding 
the certain predetermined level, caused by too much 
volume of the washing 35 or too high water level, is dis- 
charged from the overflow inlet.75 provided in the outer 
tub 72; going through the overflow channel 74, the drain 
channel 73 and the trap 76. Meanwhile, the heat 
exchanger 31 is also filled with water coming through 
the connection duct 77 upto a level identical to that in 
the outer tub 72. After the washing process is over, a 
rinsing process proceeds in a similar way. 
[0089] Then it proceeds to a spin-drying process. The 
water in the inner tub 13 is discharged through the 
unclosed water discharge valve 71, and then the inner 
tub 13 is rotated at a high speed in an ordinary manner 
for spin-drying. Then a drying process follows. 
[0090] In the drying process, the water discharge 
valve 71 is closed. Pulsator 16 is rotated quickly in the 
forward and reverse directions in order to peel off the 
washing 35 being stuck to the inner wall of inner tub 13 
because of a centrifugal force exerted during the spin- 
drying process. Hot air heated by the heater 25 is blown 
by the drying air btower 26 to be delivered into the inner 
tub 13 through the gushing mouth 68. The hot air heats 
the washing 35 and evaporates the humidity contained 
in the washing 35. Then the hot air proceeds through 
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the holes in the side wall of inner tub 13. the gap 
between fluid balancer 15 and separation board 65, the 
gap between pulsator 16 and inner tub 13, etc. eventu- 
ally arriving at the bottom pari of outer tub 72, and then 
goes to the heat exchanger 31 guided by the connection 
duct 77. The humid hot air, after having evaporated the 
humidity of washing 35, is cooled and dehydrated at the 
heat exchanger 31, and then goes to the drying air 
blower 26 again. The drying process proceeds along 
with the circulation and dehydration of hot air. The dehy- 
dration water generated as a result of heat exchange 
conducted in the heat exchanger 31 is gradually accu- 
mulated on the water discharge valve 71 . Therefore, the 
water discharge valve 71 is unclosed for several sec- 
onds at a certain interval to discharge the dehydration 
water, so as it does not block the hot air circulation 
channel. In the meantime, the pulsator 16 repeats the 
forward and reverse rotations to haul up and agitate the 
washing 35 in order to help dry up the washing. The 
water discharge valve 71 may be kept open during dry- 
mg process. In this case, the trap 76 prevents escaping 
of the hot air outside. However, the overflow channel 74 
may serve as a detour for the hot air and the drying per- 
formance might deteriorate for a certain extent 
[0091] The drying air blower 26 and the heater 25 
belong to the electric component. If the water invades 
the terminal, wiring or inner circuit of these components 
there will be a risk of breakage in the components, or 
the leakage/short-circuiting of electricity. However, in 
the present embodiment, there is no such a danger and 
the safety is assured, because the drying air blower 26 
and the heater 25 are disposed at a level higher than 
that of the overflow inlet 75 and the water does not 
exceed the level; hence, the water level never reaches 
the drying air blower 26 and the heater 25 in the wash- 
ing and the rinsing processes. 

[0092] The trap 76 disposed in the drain channel 73 at 
a place after merging with the overflow channel 74 func- 
tions, besides the draining function, to prevent the 
escaping of hot air outside through the overflow channel 
74 or the unclosed water discharge valve 71 during the 
drying process. Furthermore, because the heat 
exchanger 31 coupled with the hot air supply channel 
70 is connected to the water discharge channel at a 
point above the water discharge valve 71 with the 
expandable connection duct 77, a hot air circulation 
channel has been formed between the cabinet (station- 
ary end) 20 and the outer tub (vibrating end) 72 in a 
space-saving configuration using only one water dis- 
charge valve 71. 

[0093] Although the flexible and expandable tube 69 
and the hot air supply channel 70. etc. in the present 
embodiment have been structured in the same manner 
as in the embodiment 12. these items may of course be 
structured instead in the same manner as in the embod- 
iments 1 through 1 1 described earlier. 
[0094] A fourteenth exemplary embodiment of the 
present invention is described in the following with refer- 
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ence to the drawings Fig. 17 through Fig. 19. 

[0095] As shown in Fig. 1 7, a water supply valve 78 is 

fixed_to_the_cabinet-2u-for-supplyfng-tap-waterintothe 

inner tub 13; the water is supplied to inner tub 13 
through a faucet 80 provided in the separation board 79. 5 
An expandable water supply duct 81 connects the water 
supply valve 78 and the faucet 80 to form a water supply 
channel. The water suppiy channel comprises a dual 
system as shown in Fig. 18; corresponding respectively 
to a detergent dispensing sectibh 82a and a softening w 
agent dispensing section 82b of a detergent dispenser 
82 provided at the faucet 80. 

[0096] A hot air supply channel 70 comprising a 
heater 25 for heating the air and a drying air blower 26 
for delivering the hot air into the inner tub 13 is fixed to 15 
the cabinet 20. The hot air supply channel 70 is con- 
nected to a gushing mouth 68 via the flexible and 
expandable tube 69 of bellows shape. The separation 
board 79 is fixed covering the top part of an outer tub 
1 4, for preventing the hot air from escaping. upward. The 20 
separation board 79 is provided with a lid 83, which is 
freely openable to take in and out a washing 35. The 
faucet 80 and the gushing mouth 68 are also provided in 
the separation board 79 at an area far from the operator, 
and the water supply duct 81 is structured in a compact 25 
configuration so as to afford a largest possible area for 
the freely openable ltd 83. 

[0097] At the upstream end of the hot air supply chan- 
nel 70 is the heat exchanger 31 for cooling and dehy- 
drating. The heat exchanger 31 is connected to the 30 
bottom part of outer tub 14 via an expandable connec- 
tion duct 84 and an air channel valve 85 for open- 
ing/closing the airflow channel. A trapped drain channel 
86, which retains water in the route, is branching out 
from the connection duct 84 at the lowest point, dis- 35 
charges the dehydration water from heat exchanger 31, 
and prevents the air from escaping. A water discharge 
valve 87 is unclosed for discharging washing water and 
at the spin-drying operation. 

[0098] Now in the following, detailed structure of the 40 
faucet 80 and the vicinity is described referring to Fig. 
19. On the upper surface (or the reverse surface) of the 
separation board 79, a detergent dispenser 82 is pro- 
vided in the form of a drawer. Detergent or softening 
agent kept in the detergent dispenser 82 is delivered 45 
mixed with water to the inside of inner tub 13. A non- 
return valve 88 is a valve of elastic film that easily opens 
for only one direction; when a pressure of water comes 
from upward it opens to a funnel shape, and the film 
shrinks to close as soon as the water pressure is lifted, so 
A shower nozzle 89 is provided at the tip end of the 
faucet 80, for showering the water into the inner tub 13 
through a number of small holes. The shower nozzle 89 
is detachable; the nozzles of other configuration are 
prepared to meet different types of needs for the water 55 
supply. Other structures remain the same as those of 
the above embodiment 12; using the same symbols 
represents these portions and the description is not 



repeated here. 

[0099] The operation under the above structure_is 



described in the following. In a washing process, the 
openable lid 83 is opened and a washing 35 is thrown 
into the inner tub 1 3, and detergent and softening agent, 
if necessary, are put into the detergent dispenser 82, 
and then operation is started. With the water discharge 
valve 87 and the air channel valve 85 kept closed, water 
is supplied from the water supply valve 78 to the deter- 
gent dispensing section 82a. The water dissolves and 
includes the detergent to become a washing water, 
which is delivered through the non-return valve 88 and 
the shower nozzle 89 into the inner tub 1 3 upto a certain 
predetermined level. A clutch built in a motor 21 con- 
veys the rotating force of the motor 21 to a washing 
shaft in order to rotate the pulsator 1 6. The rotating pul- 
sator 16 agitates the washing 35. 
[0100] If in the washing process the level of water is 
raised very high due to too much volume of the washing, 
foam of the detergent might come close to the faucet 80 
and enter into the water supply duct 81, in the worst 
case it might ascend to the tap water facility. However, 
the non-return valve 88 prevents it. The outer tub 14 is 
provided with an overflow inlet (not shown) for prevent- 
ing the water from overflowing. Even if water overflows 
despite the overflow inlet, the non-return valve 88 pre- 
vents the worst case to happen. 

[0101] In the final rinsing course, the water supply 
valve 78 opens at the softening agent dispensing sec- 
tion 82b, and the softening agent is supplied to the inner 
tub 1 3 accompanied by the water. After the washing and 
rinsing processes are over, a spin -drying process starts; 
the water discharge valve 87 is opened to discharge the 
water in the inner tub 13, the rotating force of motor 21 
is conveyed via a dutch built in the motor 21 to the inner 
tub 13. The inner tub 13 is rotated together with the pul- 
sator 16 at a high speed, and the washing 35 is spin- 
dried by a centrifugal force. 

[0102] In the drying process, the pulsator 16 is rotated 
quickly in the forward and reverse directions to peel off 
the washing 35 being stuck to the inner wall of inner tub 
13 because of the centrifugal force exerted during the 
spin-drying process. The water discharge valve 87 is 
closed; the air channel valve 85 is opened. The wind 
created by the drying air blower 26 is heated while pass- 
ing through the heater 25 to become a hot air, which is 
delivered via the flexible and expandable tube 69 into 
the inner tub 13 by way of the gushing mouth 68. The 
hot air can not escape upward because of the separa- 
tion board 79. The hot air heats the washing 35 and 
evaporates the humidity contained in the washing 35, 
and proceeds through the holes in the side wall of inner 
tub 13 and the gap between fluid balancer 15 and sep- 
aration board 79. reaching to the heat exchanger 31 
guided by the connection duct 84 attached to the bottom 
part of the outer tub 14. The humid hot air is cooled and 
dehydrated at the heat exchanger 31 , and then goes to 
the drying air blower 26 again. The drying process pro- 
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ceeds along with the circulation and dehydration of hot 
air. The dehydration water is discharged outside 
through the trapped drain channel 86. In the meantime, 
the puisaior 16 repeais the forward and reverse rota- 
tions to haul up and agitate the washing 35 in order to 
help drying up. 

[0103] In a washer-dryer of the present embodiment, 
a separation board 79 is provided, also a water supply 
duct 81 is provided which couples a water supply valve 
78 with a faucet 80 disposed on the separation board 
79. Therefore, the water can be supplied through the 
water supply duct 81 and the hot air is prevented from 
escaping during a drying process. The washer-dryer 
exhibits a high drying performance, and does not bring 
about an increased humidity in the room air. 
[0104] Furthermore, as the faucet 80 is disposed on 
the separation board 79 at a place far from the operator 
the water supply channel can be formed in a compact 
configuration. As a result, and a sufficiently large area 
can be secured for throwing in and out a washing 35. 
Thus the ease of putting in and out a washing 35 is 
improved. 

[0105] The non-return valve 88 provided at the faucet 
80 prevents the washing foams and waters from invad- 
mg the water supply duct 81 and the tap water facility. 
The safety is thus improved. 

[01 06] Although the flexible and expandable tube 69 
the hot air supply channel 70, etc. of the present 
embodiment have been structured in the same manner 
as in the embodiment 12 above, these items may of 
course be structured instead in the same way as those 
of the embodiment 1 through 1 1 . 
[0107] Although the non-return valve 88 has been 
structured using an elastic film material in the present 
embodiment, it is not limited to such a structure It may 
be structured with a sort of flap that opens by the force 
of a fluid only in downward direction, or an electrical 
control valve may be used. 

[0108] Although the non-return valve 88 has been dis- 
posed at a place lower than the detergent dispenser 82 
it may rather be desirable to dispose it at a place higher 
than the detergent dispenser 82, because foams can be 
generated within the detergent dispenser 82. 
[0109] Although the shower nozzle 89 has been struc- 
tured so as it delivers water through a number of small 
holes into the inner tub 13 in the form of a shower it is 
not limited to such a structure. The water may be deliv- 
ered through a slit nozzle or a sprinkler. Other mode of 
supplying the water includes a supply with foams a 
high-speed jet, etc. 
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Claims 



A washer-dryer comprising: 

an inner tub for receiving a washing, which tub 
having an approximately cylindrical shape and 
rotating around a substantially vertical axis; 
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55 



an outer tub housing said inner tub; 
agitation means provided freely rotatable in the 
inside of said inner tub for agitating said wash- 
ing; 

a motor for rotating said inner tub or agitation 
means; 

heating means for heating the air to be sup- 
plied from a hot air supply channel into said 
inner tub; 

a drying air blower for delivering the hot air into 
said inner tub; and , 

control means for controlling each of the 
respective processes, washing, rinsing, spin- 
drying and drying, by exerting controls on the 
operations of said motor, heating means, dry- 
ing air blower, etc.; wherein, during the drying 
process, 

said washing in the inner tub is agitated by said 
agitation means, and is exposed to the hot air 
heated by said heating means and delivered by 
said drying air blower into said inner tub to be 
dehydrated and dried. 

2. The washer-dryer of daim 1 . wherein 

the hot air supply channel forms a circulation 
channel for circulating the hot air taken from 
inside of inner tub and heated by heating 
means, the hot air undergoing a heat exchange 
procedure at a place within the inside of outer 
tub or at least at a part of the circulation chan- 
nel. 

. The washer-dryer of claim 2, wherein 

at least the outer tub or a part of the circulation 
channel is cooled by the outside air. 

The washer<Jryer of claim 3, further comprising a 
cooling air blower for introducing the outside air 
wherein 

at least the outer tub or a part of the circulation 
channel is cooled by the outside air introduced 
by the cooling air blower. 

The washer -dryer of claim 1, wherein 

the agitation means is constituted with a pulsa- 
tor disposed freely rotatable at the bottom part 
of inner tub. which pulsator having a sloped 
surface around the outer circumference and a 
plurality of ribs extending in radial directions 
across the sloped surface as far as the outer 
edge. 

The washer-dryer of claim 1, wherein 
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the control means controls the number of revo- 
lutions of agitation means to be different to 



15. The washer-dryer of claim 14, wherein 



^cti_Qttaer_between-the-washin§-pro€ess-and- 



the drying process. 

5 

The washer-dryer of claim 2, further comprising a 
cabinet in which the outer tub containing the inner 
tub is supported with a suspension gear, wherein 

the circulating channel for circulating the hot air w 
heated by heating means is disposed at a cor- 
ner of said cabinet. 



8. The washer-dryer of claim 2, wherein 

the circulation channel for circulating the hot air 
heated by heating means is provided with a 
heat-radiating fin on the outer wall surface or 
the inner wall surface. 

3. The washer-dryer of claim 1 , wherein 



1. The washer-dryer of claim 10, wherein 

the flexible and expandable tube connects the 
hot air supply channel and the outer tub in a 
vertical direction. 

2. The washer-dryer of claim 10, wherein 
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the outer tub is provided with a fin-shape guide 
wall protruding on the outer wall surface for 
guiding the outside air and radiating the heat. 25 

0. The washer-dryer of claim 1 . wherein 

the hot air supply channel is connected to the 
outer tub usirig a flexible and expandable tube 30 
in order to supplying the hot air into the inner 
tub. 
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the outer tub is provided at the top with a sepa- 
ration board having an entrance for the hot air. 

16. The washer -dryer of claim 15. wherein 

the entrance for the hot air has a gradually con- 
tracting shape. 

17. The washer<jryer of claim 1. further comprising a 
gushing mouth for supplying the hot air from the hot 
air supply channel into the inner tub, the cross sec- 
tional area of said gushing mouth gradually reduc- 
ing towards the exit of hot air in order to deliver the 
hot air at an increased flow speed into the inner tub. 

18. The washer-dryer of claim 17, further comprising 

a separation board provided on the outer tub, 
a freely openable lid provided in said separa- 
tion board, and 

a flexible and expandable tube connecting a 
hot air entrance provided on said separation 
board and the hot air supply channel, wherein 
said freely openable lid is disposed in the front 
forward area of the separation board while the 
hot air entrance is disposed at a rear area of 
the separation board. 

19. The washer-dryer of claim 1, further comprising 

a water drain channel and a water discharge 
valve provided at the bottom part of outer tub. 
and 

an overflow inlet and an overflow channel pro- 
vided on the side wall of said outer tub, wherein 
the heating means and the drying air blower 
are disposed at a place higher than said over- 
flow inlet. 



an empty path is provided at an end of the flex- 
ible and expandable tube, the empty path 
extending towards substantially the center of 
the inner tub. 

l. The washer-dryer of claim 10, wherein 

the flexible and expandable tube is provided 
with a non-retrun valve in the inside. 

. The washer-dryer of claim 10, wherein 

the flexible and expandable tube is disposed so 
as to enclose the entire outer circumference of 
an opening provided for receiving a washing 
into the inner tub. 



20. The washer-dryer of claim 19, wherein the overflow 
channel merges to the water drain channel at a 
place below the water discharge valve, and a trap is 
provided in the water drain channel after the merge. 

21. The washer-dryer of claim 1, further comprising a 
water drain channel and a water discharge valve 
provided at the bottom part of the outer tub; 
wherein the hot air supply channel is connected via 
an expandable connection dud with the water drain 
channel at a point above said water discharge 
valve. 

55 22. A washer-dryer comprising: 

an inner tub for receiving a washing, which has 
an approximately cylindrical shape and rotates 
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around a substantially vertical axis; 
an outer tub housing said inner tub; 
agitation means provided freely rotatable in the 
inside of said inner tub for agitating said wash- 
ing: 5 
a motor for rotating said inner tub or agitation 
means; 

heating means for heating the air to be sup- 
plied from a hot air supply channel into said 
inner tub; 10 
a drying air blower for delivering the hot air into 
said inner tub; 

control means for controlling each of the 
respective processes, washing, rinsing, spin- 
drying and drying, by exerting controls on the is 
operations of said motor, heating means, dry- 
ing air blower, etc.; 

a heat exchanger for cooling and dehydrating 
the humid hot air; 

a water supply valve for supplying water into 20 
said inner tub; 

a separation board covering the top part of said 
outer tub for preventing the air from escaping; 
and 

a water supply duct coupling the water supply 25 
valve with a faucet provided in the separation 
board. 

23. The washer-dryer of claim 22, wherein the faucet is 
disposed in the separation board at a place far 30 
away from the operator. 

24. The washer-dryer of claim 22, further comprising a 
non-return valve provided at the faucet. 
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Fig 1 
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Fig 5 
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